Russian research reactors (RR) have a history of more than 60 years, which begins on December 26, 1946, when the first Russian RR -24 kW uranium-graphite reactor F-1 -was started in Moscow. This reactor is still in operation and is protected by the government as a monument to Russian scientific and engineering thought. The F-1 reactor ushered in the era of nuclear power in Russia (USSR in those days) and gave rise to an important line in these activities, i.e. reactor engineering for research purposes.
INTRODUCTION
Russian research reactors (RR) have a history of more than 60 years, which begins on December 26, 1946 , when the first Russian RR -24 kW uranium-graphite reactor F-1 -was started in Moscow. This reactor is still in operation and is protected by the government as a monument to Russian scientific and engineering thought. The F-1 reactor ushered in the era of nuclear power in Russia (USSR in those days) and gave rise to an important line in these activities, i.e. reactor engineering for research purposes.
Russian research reactors had an eventful and far from easy way to go in their development. Like other major nuclear states, Russia took energetic efforts to provide its own research reactors in the period of 1950s-'80s; it exported such reactors to other countries, and survived the nuclear stagnation of the end of the 20 th century through beginning of the 21 st century to keep its leading position in RR uses to the present day.
Expectation of the nuclear renaissance, innovative nuclear engineering, the expanding RR uses for production of isotopes and other practical purposes, the increasing number of countries seeking to use nuclear technologies in energy production, industry and science -all add up to reawaken the interest in research reactors and in the benefits they offer.
CURRENT STATUS OF RESEARCH REACTORS IN RUSSIA

Current status and availability of research reactors in the world
In the IAEA terminology, the RR fleet includes both research reactors proper and critical or subcritical assemblies. As of the end of 2007, 671 nuclear research facilities were built in 70 countries of the world. Table 1 describes the global RR fleet in operational and quantitative terms. Table 2 presents data showing the RR status in the major nuclear states (Russia, USA, UK, France, China) and in the countries with nuclear power well developed or showing dynamic development (Germany, Japan, Republic of Korea, India).
Thus, as of the end of 2007, Russian operating research reactors account for almost 20% of the global operating RR fleet, which makes Russia a leader in present-day use of research reactors. Table 3 presents relative characteristics of the operating RR fleets in the above countries.
Qualitative description of the Russian RR fleet
It is necessary to be terminologically accurate in qualifying a reactor as a research facility. To be referred to as such, the reactor must have two essential attributes:
-regarding its purpose, the reactor should be specially designed for conducting investigations in dedicated experimental spaces;
-regarding its final product, such a reactor should supply neutrons of the required energy spectrum and in the required quantities to the experimental spaces.
Thus, a research reactor is a facility designed for experimental studies and operating at a power level requiring forced cooling, with its composition and geometry providing for a controlled nuclear chain reaction. The capabilities of research reactor are characterised by the neutron flux level in the experimental space. In this sense, the experimental research potential of a country depends primarily on the number and quality of medium-and high-flux research reactors, i.e. more than 15 MW and 50 MW in capacity, respectively, as generally accepted. Service time is another characteristic of importance to Russian research reactors, as many of them were brought into operation in the 1960s-'80s. Despite their sound design and engineering features, the operating research reactors face the problem of ageing, which inevitably affects the level of their operational safety and is continuously adding to the costs of maintaining the required safety level. Table 5 is a list of the main Russian research reactors with their qualitative characteristics.
PROSPECTS FOR DEVELOPMENT OF RUSSIAN RESEARCH REACTORS
It should be noted, however, that Russian scientists and engineers feel concerned about the fact that the research reactors in greatest demand have been in operation for more than 30 -or even 40 -years, while the estimated time of their final shutdown is not very far off, as may be seen from Table 7 . Unless radical steps are taken, the Russian RR fleet will shrink to one-third of its present size, with mostly high-and medium-flux reactors to go.
It is obvious that Russia has not escaped the global trend towards reduction of the RR numbers (see Fig. 1 ). In this regard, it appears imperative to optimise the Russian RR fleet. Today, the Russian nuclear industry is undergoing structural reforms: the public corporation "Rosatom" is instituted already; many research centres and institutes have been consolidated into the Joint Stock Company "Atomenergoprom" and are being restructured. Optimisation of the Russian RR mix is high on the agenda. Some operating research reactors are being upgraded and plans are being discussed for building one or, perhaps, two advanced high-flux fast reactors for research purposes.
The characteristics of some research reactors, i.e. SM-3, MIR-M1 and PIK, presented below can give an idea of the Russian experimental capabilities.
High-flux reactor SM-3 [3]
The SM-3 reactor is designed for studies of reactor core materials for nuclear power and research facilities, as well as for production of radionuclides. 
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The main technical characteristics of the reactor are given in Table 8 , and its configuration is shown in Figs. 2 and 3.
Material testing loop reactor MIR-M1 [4]
The research reactor facility "MIR" serves for loop-testing of fuel assemblies and other core components and materials under in-pile radiation, for developing reactor coolant technologies, and for solving other engineering problems. This is a heterogeneous thermal neutron channel-type reactor, with its core immersed in a water pool.
The core-housing pool ensures the safety of handling operations, which proceed underwater, provides an additional safety barrier to release of radioactivity into the environment, and is part of the circuit for cooling the beryllium blocks of the core and reflector, the CPS rods and the structural components of the reactor. The main characteristics of the MIR-M1 reactor are listed in Table 10 , and its general configuration is shown in Figs. 4 and 5. The characteristics of loops, which are the main experimental components of the reactor, are presented in Table 11 .
High-flux research reactor PIK [5]
The high-flux beam-type reactor PIK, with the thermal neutron flux of 10 15 n/cm 2 s in the heavy-water reflector, is being built at Gatchina near St. Petersburg for research in various fields of fundamental science as well as for tackling a broad range of practical problems. The experimental capabilities of PIK result not only from the high intensity of neutron beams but also from the availability of hot, cold and ultracold neutron sources. Inlet water temperature at experimental channels, °С 20-60 up to 300 Fig. 2 -SM-3 reactor 1 -lid; 2 -reloading mechanism; 3 -vessel; 4 -inlet nozzle; 5 -outlet nozzle; 6 -smaller handling pad; 7 -pressuriser tube; 8 -larger handling pad; 9 -fuel assembly; 10 -central high-flux channel; 11 -beryllium reflector; 12 -safeguard vessel; 13 -thermal insulation; 14 -inlet nozzle of the vessel cooling system. 3 -beryllium reflector blocks; 4 -central CPS rod.
Fig. 4 -MIR-M1 configuration
1 -platform of CPS rod drives; 2 -shielding turnplate; 3 -annular header;
Fig. 5 -MIR-M1 view
The PIK parameters are presented in Table 12 , and its experimental capabilities are described in Table 13 .
Figures 6 and 7 are the general view of the PIK reactor and the view of the core in its central cross-section. As seen from these pictures, the reactor is configured to include a large number of experimental devices.
According to the latest decisions of 2007, the PIK reactor is to be commissioned in 2012. Figure 8 presents photographs of the PIK reactor.
RUSSIAN EXPERIENCE IN BUILDING RESEARCH REACTORS IN OTHER COUNTRIES AND THE CURRENT EXPORT POLICY
More than 20 nuclear research facilities were built abroad to Russian designs with the country's participation, the greater part of which are still in operation. Table 14 presents some of these reactors. Core height, mm 1000
Beryllium block height, mm 1100
Water column height above the core centre, m 8
Number of loop channels in the core up to 11 
CONCLUSION
The present-day mix of operating research reactors is capable of meeting Russia's demands for experimental studies on the problems of nuclear science and engineering.
The fleet of Russian research reactors is in the process of optimisation, which implies its quantitative and qualitative improvement, including provision of new research reactors. Russia has a history of active RR export, which may and will have a continuation. We are prepared to offer our services to other countries both by rendering scientific and engineering support for operation of existing reactors and in building new research reactors and whole research centres.
